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solution (10 mL/min). After filtration, the filtrate was evaporated and freeze-dried. The 116 precipitate was dissolved in Nanopure ® and freeze-dried. Ethanol and n-hexane were added 117 in a ratio of 1:4, 5:13 or 2:1 (v/v). Cocoa filtrate (5:13, v/v) was used for LSRCCC separation 118 and cocoa filtrate (2:1, v/v) was applied to HSCCC separation. 119
Optimization of semisynthetic formation of procyanidins 120
Optimization of reaction conditions of semisynthesis was performed according to 121 (Esatbeyoglu & Winterhalter, 2010) . 122
Sample preparation for semisynthetic formation of procyanidins 123
Preparative formation was performed as described earlier (Esatbeyoglu, 
HSCCC 127
Under optimized conditions, 700 mg of (+)-catechin or (-)-epicatechin and 700 mg of cocoa 128 bean precipitate (1:4, v/v) were subjected to semisynthesis with 50 mL of 0.1 N methanolic 129
HCl at 40 °C for 20 min. The semisynthetic preparation was neutralized with about 10 mL 0.5 130 N sodium hydrogen carbonate solution. After evaporation, the residue was freeze-dried and 131 about 1 g of the reaction mixture was used for HSCCC separation. 132
Spiral-coil LSRCCC 133
Semisynthetic formation of dimeric procyanidins B1 and B7 was performed as follows: 10.1 g 134 of (+)-catechin and 10.1 g of 70% acetone cocoa bean extract were reacted in 500 mL of 135 0.1 N methanolic HCl by shaking at 40 °C for 30 min, followed by addition of about 45 mL 136 0.5 N aqueous sodium hydrogen carbonate to stop the reaction, evaporated and freeze-137 dried. In order to eliminate the unreacted polymeric procyanidins, this reaction mixture was 138 dissolved in 1000 mL ethanol. Insoluble residue was filtered off, and 2600 mL n-hexane was 139 added to the solution (10 mL/min). After filtration, the filtrate was evaporated, lyophilized and 140 about 11 g was applied to spiral-coil LSRCCC separation. 141
LSRCCC 142
Ten grams of (+)-catechin and 10 g of cocoa bean precipitate (1:4, v/v) were used for 143 semisynthetic formation of dimeric procyanidins B1 and B7. For further conditions see above. 144
About 10 g of the obtained filtrate was used for LSRCCC separation. 145
HSCCC separation 146
A multilayer coil of the type-J high-speed CCC centrifuge model CCC 1000 (Pharma-Tech 147
Research Corp., Baltimore, MD, USA) was used for the separation of procyanidins. The 148 three preparative coils were connected in series and equipped with PTFE tubing 149 (polytetrafluorethylene; 2.6 mm i.d., 160 m length; total volume: 800 mL). The upper organic 150 phase was used as stationary phase and the lower aqueous phase as mobile phase. Both 151 phases were pumped using a Biotronik HPLC pump BT 3020 (Jasco, Großumstadt, 152
Germany). The freeze-dried samples were dissolved in 10 mL each upper and lower phase 153 and injected into the column using a 25 mL sample loop. The separation was performed in 154 the head to tail elution mode. The effluent stream was monitored at λ 280 nm using a Knauer 155 UV-Vis detector (Berlin, Germany) and recorded by a plotter (BBC Goerz SE 120, Vienna, 156
Austria; 3 cm/h). Fractions were collected by a Super Frac fraction collector (Pharmacia LKB, 157 Bromma, Sweden) at 4 min intervals. The amount of injected sample, revolution speed of the 158 apparatus, flow rate, and the solvent system are given in the discussion section of the 159 respective runs. 160
LSRCCC separation 161
LSRCCC-separations were carried out with a prototype low-speed countercurrent 162 chromatograph (Pharma-Tech Research Corp., Baltimore, MD, USA). A multilayer single coil 163 column was equipped with PTFE tubing (8.2 mm i.d., total volume = 5500 mL). For the 164 solvent delivery, a HPLC Pump 64 (Knauer, Berlin, Germany) was used. For LSRCCC 165 separation of procyanidins the previously studied two-phase solvent system tert-166 butylmethylether/n-butanol/water (4.3:0.7:5, v/v/v) was applied (Köhler, 2006) . About 8.9 g of 167 cocoa bean filtrate (5:13, v/v) or 10.0 g of the semisynthetic reaction mixture of cocoa bean 168 precipitate (1:4) with (+)-catechin were dissolved in 100 mL each upper and lower phase and 169 introduced into the coil through a sample loop. The LSRCCC separation was performed in 170 the U-H mode with the upper organic phase as mobile phase and in the head to tail direction. 171
The lower phase was pumped at a flow rate of 4 or 5 mL/min. The revolution speed of the 172 apparatus was set to 50 rpm. The effluent stream was recorded at λ 280 nm with a Knauer 173 UV-Vis detector (Berlin, Germany) and collected into test tubes with a fraction collector 174 (Pharmacia LKB Super Frac, Bromma, Sweden) at 10 or 12 min intervals. The separation 175 was recorded using a Servogor 120 plotter (BBC Goerz Metrawatt SE 120, Vienna, Austria). 176
Spiral-Coil LSRCCC separation 177
A spiral tube prototype of LSRCCC (Pharma-Tech Research Corp., Baltimore, MD) was 178 equipped with ten spirals to a single coil of convoluted Teflon tubing (8.5 mm i.d.; total 179 volume: 5600 mL (each spiral 560 mL)). A Knauer HPLC pump 64 (Berlin, Germany) 180 pumped the solvent systems at a flow rate of 5 mL/min. The two-phase solvent system ethyl 181 acetate/n-butanol/water (14:1:15, v/v/v) determined by stationary retention studies was 182 applied for the separation of the reaction mixture of 70% acetone cocoa bean extract with 183 (+)-catechin (sample load, 10.8 g). For the separation of the coil fraction (sample load, 8.9 g) 184 the solvent system n-hexane/ethyl acetate/methanol/water (1:10:1:10, v/v/v/v) was used. The 185 samples were dissolved in 200 mL of a 1:1 mixture of upper and lower phase of the two-186 phase solvent systems. The upper organic phase was used as stationary phase and the 187 lower aqueous phase as mobile phase using the elution mode from inside to outside and9 head to tail (L-I-H). The rotation was set at 132 rpm. 
Thin layer chromatography 237
Silica gel 60G F254 20 cm×20 cm plates applied on aluminium (Merck, Darmstadt, Germany) 238 were used. Plates were developed in toluol/acetone/formic acid (3:3:1, v/v/v) as mobile 239 phase. After development and UV detection, the plates were sprayed with p-anisaldehyde-240 sulfuric acid-reagent solution (Stahl, 1967) , air-dried at ambient temperature and heated at 241 
Circular dichroism 269
CD spectra were recorded according to (Esatbeyoglu et al., 2013) . 270
Initially the ground cocoa beans were defatted with n-hexane and extracted with 70% 272 aqueous acetone. The alkaloids theobromine and caffeine were partly eliminated by solvent-273 solvent extraction with dichloromethane. The oligomeric procyanidin composition of this 70% 274 acetone extract was analyzed by HPLC on a normal-phase column according to 275 (Hammerstone et al., 1999 ) with some modifications. Proanthocyanidins were separated 276 according to their mDP (Fig. 2) , but the absolute characterization of proanthocyanidins is not 277 possible by normal-phase chromatography. Oligomeric procyanidins were quantified as (+)-278 catechin-equivalents at λ 280 nm. Monomeric flavan-3-ols were present in about 6% and 279 each group of dimers to decamers in 1.29-2.40%. 280
In fermented and unroasted cocoa beans (unknown origin and variety) dimeric procyanidins 281 B2 and B5 were detected on a reversed-phase column which were isolated by (Köhler, 2006 ) 282 using high-speed countercurrent chromatography. Moreover, trimeric procyanidin C1 and the 283
were verified (Esatbeyoglu, 2011). The aim of this study was on the one hand to isolate the 285 low-molecular oligomeric procyanidins from a cocoa filtrate which were enriched after 286 precipitation of the 70% acetone extract of cocoa beans in the filtrate, and on the other hand 287 to semisynthesize the dimeric procyanidins B1 (EC-4β→8-C) and B7 (EC-4β→6-C) which do 288 not occur naturally in the 70% acetone extract of cocoa beans or cocoa bean precipitate. 
Fractionation of oligomeric procyanidins by LSRCCC 294
To obtain a procyanidin fraction rich in oligomers the 70% acetone extract was precipitated 295 with ethanol/n-hexane in different ratios i.e. 1:4, 5:13, 2:1 (v/v; Fig. 3) . The lower the ratio of 296 n-hexane the higher the high-molecular oligomeric procyanidins in the filtrate (Fig. 3) . By 297 using a ratio of ethanol/n-hexane 1:4 (v/v) only dimeric and trimeric procyanidins could be 298 detected, with no tetrameric procyanidins (Fig. 3A) .
The main focus of this LSRCCC separation was the enrichment and isolation of trimeric and 300 tetrameric procyanidins. Therefore, about 8.9 g cocoa bean filtrate was applied for LSRCCC 301 separation which was obtained after precipitation with ethanol/n-hexane (5:13, v/v) of the 302 70% acetone extract. The separation was carried out in the U-H elution mode (upper phase 303 as mobile phase; head to tail) with the two-phase solvent system tert-butylmethlyether/n-304 butanol/water (4.3:0.7:5, v/v/v). Köhler (Köhler, 2006 ) used this solvent system for the 305 separation of dimeric procyanidins B1 and B7 from grape seed extracts. After separation, the 306 test tubes were analyzed by thin layer chromatography on a silica gel (visual detection after 307 spraying with p-anisaldehyde-sulfuric acid as orange-red spots) (Köhler, 2006; Stahl, 1967) procyanidin C1 and about 160 mg dimeric procyanidin B2 were isolated in standard quality 328 (>95%) from fraction VII. Fraction VIII contained besides caffeine oligomeric procyanidins i.e. 329 trimeric procyanidin C1, tetrameric, pentameric and hexameric procyanidin. The alkaloids 330 theobromine and caffeine were enriched in the coil fraction. The HPLC-chromatograms of the 331 selected LSRCCC fractions are depicted in Fig. S1 . 332
To sum up, in addition to the isolation of dimeric (B2 and B5) and trimeric procyanidins (C1), 333 an enrichment of higher oligomeric procyanidins i.e. tetrameric procyanidins using LSRCCC 334 is possible. In the following section, the systematic isolation of tetrameric and pentameric 335 procyanidins is illustrated. 336
Fractionation of higher oligomeric procyanidins by HSCCC 337
The polymeric procyanidins were eliminated by precipitation from the 70% acetone cocoa 338 extract (ethanol:n-hexane in a ratio of 2:1). Due to their surface activity they could hamper 339 the phase separation during the CCC isolation. Thereby, polymeric procyanidins were 340 enriched in the precipitate and the oligomeric procyanidins in the filtrate (Fig. 2) . The cocoa 341 filtrate was fractionated with the two-phase solvent system ethyl acetate/n-butanol/water 342 (14:1:15, v/v/v) using HSCCC. Eluted samples were analyzed by thin layer chromatography 343 and combined to 10 fractions. The HSCCC separation is shown in Fig. S2 . Polymeric 344 procyanidins were enriched in fraction I. The alkaloid theobromine was detected in fraction II, 345 while fraction III was composed of pentameric and hexameric procyanidins. Hexameric 346 procyanidin (11.2 mg; purity ~60%) was enriched in fraction IV and pentameric procyanidin in 347 fraction V. Pentameric procyanidin EC-4β→8-EC-4β→8-EC-4β→8-EC-4β→8-EC was 348 isolated from fraction V (17.2 mg; purity ~60%) by preparative HPLC in standard quality and 349 the structure was elucidated by Consequently, the isolation of a tetrameric, pentameric and hexameric procyanidins from 370 cocoa beans in high purities using HSCCC was shown for the first time. Table S1 ) showed high R s , due to the spiral centrifugal force 419 gradient superimposed on the Archimedean screw effect (Köhler et al., 2004) . coefficient. Dimeric procyanidin B7 (90 mg; purity >95%) was isolated from fraction II by 462 HSCCC (Fig. 6, right side) . From fraction III the unreacted nucleophile (+)-catechin was 463 recovered (standard quality, about 4 g). 464
L-I-T, L-I-H, U-O-H and U-O-T (
Spiral-coil LSRCCC is convenient for the isolation of compounds which have a partition 465 coefficient under 1. Compounds with a partition coefficient over 1 lead to a longer separationtime. Compared to HSCCC separation (23 mg B7) about 90 mg dimeric procyanidin B7 was 467 isolated by spiral-coil LSRCCC in standard quality. We reported the choice of solvent system 468 and the isolation of proanthocyanidins i.e. dimeric procyanidins B1 and B7 using spiral-coil 469 LSRCCC here for the first time. 470
Fractionation of the semisynthetic reaction mixture with (+)-catechin by LSRCCC 471
The ethanol/n-hexane precipitation of the 70% acetone cocoa extract is a crucial 472 intermediate step before semisynthesis. In this way, it was possible to increase the yield of 473 dimeric procyanidins two-fold if cocoa bean precipitate was applied to semisynthesis instead 474 of a cocoa bean extract. Hence, we repeated the semisynthesis with a cocoa bean 475 precipitate (1:4) and (+)-catechin as reactants. The cocoa precipitate (1:4) was reacted with 476 (+)-catechin in a ratio of 1:1, at a reaction temperature of 40 °C and reaction time of 30 min. 477
The reaction mixture was precipitated with ethanol/n-hexane (5:13, v/v) again in order to 478 eliminate the unreacted polymeric procyanidins. Because of their surface activity they would 479 hinder the LSRCCC separation. The separation conditions were nearly the same as 480 described above (Fig. 4) . 
